Reliability Determination by the Nonparametric Method by Virene, Edgar P.
The Space Congress® Proceedings 1965 (2nd) New Dimensions in Space Technology 
Apr 5th, 8:00 AM 
Reliability Determination by the Nonparametric Method 
Edgar P. Virene 
Design Reliability Assurance Staff, Aero-Space Division, The Boeing Company 
Follow this and additional works at: https://commons.erau.edu/space-congress-proceedings 
Scholarly Commons Citation 
Virene, Edgar P., "Reliability Determination by the Nonparametric Method" (1965). The Space Congress® 
Proceedings. 5. 
https://commons.erau.edu/space-congress-proceedings/proceedings-1965-2nd/session-1/5 
This Event is brought to you for free and open access by 
the Conferences at Scholarly Commons. It has been 
accepted for inclusion in The Space Congress® 
Proceedings by an authorized administrator of Scholarly 
Commons. For more information, please contact 
commons@erau.edu. 
RELIABILITY DETERMINATION BY THE NONPARAMETRIC METHOD
Dr. Edgar P. Virene, Member 
Design Reliability Assurance Staff 
Aero-Space Division 
The Boeing Company 
Seattle, Washington
Abstract
The method presented in this paper is provided for engineers' use in rapidly analyzing 
test or operational use data when the data has not been identified with any of the commonly 
used failure frequency distributions, such as the Normal, Exponential, or Weibull distri- 
butions. This nonparametric method allows determination of reliability (R), percentage of 
confidence (C), or test sample size (n) required. That is, any one of the values can be deter- 
mined by this method if the other two are known, assumed, or stipulated.
Introduction
The most common reliability mathematical model has been the Exponential distribution, 
with its implied assumption of constant failure rate, i.e., mission reliability independent of 
equipment age. This model is reconciled with observed !Tbathtub n forms of failure rate vari- 
ation in time by specifying that the period of use excludes both the interval of "infant mortality" 
and the interval of "wearout". Although the Exponential distribution appears to have acquired 
its wide use by virtue of its inherent simplicity and ease of mathematical manipulation, it has 
strong physical justification in many instances. That is, there are failure mechanisms which 
are age-independent, and there are also systems containing enough devices of mixed ages and 
diverse failure rate patterns to yield the overall effect of a constant system failure rate. How- 
ever, there have been many instances of unjustified use of the Exponential failure frequency 
distribution, not only where the "true" distribution was unknown, but even when known physical 
data suggested other models as being more appropriate.
Until recently, the reliability mathematical model second in use was the Normal failure 
frequency distribution. This distribution and its characteristics are well-known and it has often 
been arbitrarily chosen in view of the tendency of many manufacturing processes to yield 
Normally distributed product parameters. In reliability work, the Normal distribution has 
found application in the time domain, as well as in the stress-strength domain. The most out- 
standing flaw in its application has resulted from an unwarranted willingness to apply the Nor- 
mal distribution as a model for behavior under conditions far removed from the sample data 
and its mean - five or more standard deviations from the mean.
The realization that the observed failure patterns of many items follow neither the Expo- 
nential nor the Normal distribution has led many to the adoption of more flexible models. The 
Weibull distribution in particular has been found to be frequently applicable by observers of 
time-dependent failure rates for semiconductor devices and mechanical assemblies. The 
value of the Weibull failure frequency distribution and other multi-parameter distributions lies 
in their ability to fit a wide variety of data patterns. Unfortunately, these failure frequency 
distributions are difficult and time-consuming to use.
While generated test or operational use data may fit some failure frequency distribution, 
it is often not evident which one; especially if the number of data points is small or the data 
does not appear to fit one of the more commonly used failure frequency distributions. Never- 
theless, engineers find it necessary to quickly calculate reliability, confidence, or required 
test sample size. This paper presents, with examples, a nonparametric method for rapidly 
finding this needed information.
Discussion
Although it is not necessary to know the specific failure frequency distribution which 
describes the available test or operational use data in order to use a nonparametric method, 
there is some loss in statistical efficiency when this method is used. In applying the non- 
parametric method to an Exponential failure frequency distribution of 49 electronic assemblies, 
the reliability was found to be . 95 at the 90% confidence level. The parametric method gave a 
reliability of . 97 at the same confidence level. The nonparametric method has the advantage 
of simplicity and rapidity in applications. The nonparametric method is also useful as a pre- 
liminary method of calculation, when additional or continued testing will eventually yield 
enough data points to determine the applicable failure distribution.
The minimum values for reliability (R) for undetermined distributions can be calculated 
for the earliest failure time (t) with a specific percentage of confidence (C) through the use of 
Table 1. Table 1 shows the test sample size (n) required in a time-to-first-failure test in 
order to be sure with a confidence of (C) percent, that at least R percent of future units will 
not fail in a time interval (t). The time interval (t) must be equal to the shortest recorded 
time-to-failure in the time-to-failure test data. The Table 1 sample sizes were rounded up- 
ward from the non-integral values obtained from equation (3) of the Appendix. It is important 
to note that extrapolation should not be attempted with respect to mission times which are 
longer than the shortest recorded time to failure. The answers that can be attained are con- 
servative for all mission times which are shorter than the shortest recorded time to failure.
Example 1 
Given:
In the preliminary testing of a certain mechanical device, the shortest recorded time- 
to-failure in the test data was 702 hours. The provisions of the contract require that reli- 
ability (R) = 75 percent with a confidence level (C) of 80 percent be demonstrated for this 
device. If t = 702 hours is acceptable as the trial time-span, based on operational use of the 
future output of these devices, what test sample size (n) will be required to demonstrate a 
reliability (R) of 75 percent with a confidence level (C) of 80 percent?
Solution:
1. Enter the tabulation in Table 1 at R = 75 percent. Follow across the tabulation to 
the C = 80 percent column and note that n = 6.
2. Accordingly, a reliability (R) = 75 percent with a confidence level (C) of 80 percent 
can be demonstrated by test sample size of 6, each of which results in an elapsed 
test time of no less than t = 702 hours without failure.
Example 2
Given^
Seventy-four test samples of a certain electronic device have each been tested to fail- 
ure, or for 400 hours each where no failure occurred, i.e., (n) = 74. The shortest time- 
to-failure (t) recorded for any one of the test samples was 347 hours. If t = 347 hours is 
acceptable as the trial time-span, based on operational use of future output of these devices, 
what will be the minimum reliability (R), with a confidence level (C) of 95 percent?
Solution:
1. Enter the tabulation in Table 1 at n = 74 in the C = 95 percent column. It will be 
seen that R = 96 percent.
2. Thus, there is a 95 percent confidence level (C) that at least 96 percent of the 
future units of this device will survive for a time-span (t) of 347 hours before 
failure, i.e., R = 0. 96.
Example 3 
Given:
Fifty-nine test samples of a certain hydraulic device have each been tested to fail- 
ure, or for 800 hours each if no failure occurred, i.e., (n) = 59. The shortest time-to- 
failure (t) recorded for any one of the test samples was 678 hours. If t = 678 hours is ac- 
ceptable as the trial time-span, based on operational use of future output of these devices, 
with what percentage confidence (C) can it be assumed for a minimum reliability value of R = 
95 percent?
Solution:
1. Enter the tabulation in Table 1 at R = 95 percent. Follow across the tabulation 
and note that the value of.n = 59 falls in the C = 95 percent column.
2. Thus, there is a 95 percent confidence level (C) that at least 95 percent of the 
future units of this device will survive for a time-span (t) of 678 hours before 
failure, i.e., (C) = 95 percent.






















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4Harris, in reference derives the theory on which Table 1 is based and given in sub- 
stance in the following derivation:
The probability of obtaining in a future sample of N trials at most x exceedances of 
the largest value in a trial sample of n observations is given as:
W(n, 1, N, x) = 1 -
N 
x+ 1 (1)
if x and N are both large, we approximate the factorials in (1) by Sterling's formula:











Now consider the limiting case in which N and x both approach infinity in such a way that 
x = KN. This is the case in which we wish to find the probability, in a very large future 
sample, that, at most, a fraction (K) of the observations will exceed the largest value in the 





1 - x* 1




N - x - 1 + n _ lim
1 + N-x-1 N
N+ n
= e
*Number of combinations of N items taken x + 1 at a time.
7
lim I —————— - lim
= KN °°
n+n V N - x - 1
Hence:
lim **
N - °° W(n, 1, N, KN) - 1 - (1 - K)*1 (3)
From the symmetry of the problem
lim
N-+°° W(n, 1, N, KN)
is also the probability that, in a large future sample, at most, a fraction (K) of the observ­ 
ations will be less than the smallest observation in the original trial sample of n observ­ 
ations .
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**Where the C (confidence) of the table is the W of the formula and the R(reliability) 
of the table is the (1 - K) of the formula.
